To investigate associations between self-reported and objectively measured physical activity, sedentary behavior and overweight/obesity based on percent body fat measured with Dual Energy X-Ray Absorptiometry (DXA), waist circumference (WC), waist-to-height ratio and body mass index, focusing on different intensities and domains of physical activity. METHODS: Data from NHANES 2003-2006 were analyzed using linear and ordered logistic regression analyses. A total of 4794 individuals aged 18-69 years with valid physical activity and DXA data were included. Objectively measured physical activity and sedentary behavior were assessed using accelerometers, self-reported physical activity using the NHANES physical activity questionnaire. Weight, height, WC and DXA measures were assessed in the mobile examination centers. RESULTS: We observed statistically significant associations between objectively measured moderate and vigorous physical activity and all definitions of overweight/obesity. For total physical activity, the odds of being in the higher percent body fat category were 0.56 (95% confidence interval (CI) 0.41, 0.77) for the medium and 0.30 (95% CI 0.22, 0.40) for the highest physical activity tertile compared with the lowest. For light activities, lifestyle activities and sedentary behavior, associations were only observed in the linear models with percent total body fat but not in the ordered logistic regression models. Regarding self-reported physical activity, consistent significant associations with overweight/obesity were only observed for vigorous and for transport activity. CONCLUSIONS: Regarding moderate and vigorous physical activity, more active individuals were less affected by overweight/ obesity than less active individuals, emphasizing the public health effect of physical activity in the prevention of overweight/ obesity. The fact that associations were more consistent for objectively measured than for self-reported physical activity may be due to bias related to self-reporting. Associations between lower intensity activities and overweight/obesity were weak or inexistent.
INTRODUCTION
Physical activity contributes up to 50% of total daily energy expenditure, 1 and there is evidence that active individuals have a healthier body weight and composition than inactive individuals. [2] [3] [4] To date, the majority of evidence on associations between physical activity, sedentary behavior and overweight/ obesity has been derived from self-report measures, with body mass index (BMI) as most frequently used measure for the definition of overweight/obesity. However, there is controversy on whether BMI is appropriate for defining people at risk. 5 Measures of central obesity like waist circumference (WC), 6 waist-to-hip ratio (WHR) 6, 7 and waist-to-height ratio (WHtR) 5 were better discriminators for morbidity and mortality risk. Moreover, Dual Energy X-Ray Absorptiometry (DXA) is considered a gold-standard measurement of body composition, 8 however, not many studies include such measures due to resource limitations.
Only few studies have investigated the association between objectively measured physical activity and sedentary behavior and overweight/obesity, mostly in small samples [9] [10] [11] and specific sub groups. 10, 11 Some publications are available based on the Health Survey for England mostly regarding associations between sedentary behavior (both self-reported and accelerometerderived) 12, 13 but also physical activity 14 and cardiometabolic risk factors including BMI.
Earlier studies using NHANES data reported associations between objectively measured physical activity and overweight, 15 or both sedentary time and physical activity on overweight. 16, 17 Most evidence on associations between physical activity and weight status is available for leisure-time physical activity, 18 whereas less is known about the impact of other domains of physical activity. Furthermore, to our knowledge, there is no study including both objective measures of physical activity and sedentary behavior and percent body fat based on DXA measurements.
The National Health and Nutrition Examination Survey (NHANES) [2003] [2004] [2005] [2006] provides information on objectively measured (accelerometers) and self-reported (questionnaire) physical activity as well as various measures of body composition. The aim of this study was to investigate cross-sectional associations between self-reported and objectively measured physical activity and sedentary behavior on one hand and different anthropometric measures and derived overweight/obesity definitions on the other hand. Regarding physical activity, we focused on different intensities (light, lifestyle, moderate and vigorous) and different domains (leisure-time, transport and household).
MATERIALS AND METHODS Sample
We used data from NHANES [2003] [2004] [2005] [2006] , representative of the US civilian non-institutionalized population. A multistage probability sampling was used to recruit participants. 19 The NCHS Institutional Review Board has reviewed and approved the study protocol and all participants gave written informed consent.
We considered 9173 individuals aged 18-69 years (DXA was only measured in individuals aged ⩽ 69 years). Of these, we excluded 390 individuals because they only participated in the interview, 694 because of missing DXA data and 416 due to missing data on dietary intake (N = 7673). Furthermore, 2801 individuals were excluded because they had not sufficient valid objectively measured physical activity data and two individuals due to missing self-reported physical activity data (N = 4870). Finally, 76 individuals were excluded because they were categorized as underweight, leaving 4794 individuals for analyses. For sensitivity analyses, we repeated the analyses for self-reported physical activity without excluding individuals that had missing objectively measured physical activity. . 20 The participants were instructed to wear an accelerometer placed on their right hip for seven consecutive days following the examination at the medical examination center (MEC). The chosen epoch time was 1 min. Inclusion criteria for the present analyses were: ⩾ 4 days of data with ⩾ 10 h per day of accelerometer wear time. 21 We used the following cut points for quantifying the duration of physical activity in different intensity levels: sedentary ( o100 counts per min), 22 light (100-759 counts per min), lifestyle (760-2019 counts per min), 23 moderate (2020-5998 counts per min) and vigorous (⩾5999 counts per min). 24 Counts per minute, minutes spent sedentary, in light, lifestyle, moderate and moderate-to-vigorous physical activity (MVPA) per day as exposure variables were categorized into tertiles. Minutes spent in vigorous physical activity were only categorized into two groups (low = none, high = any) because 60% of the participants had no vigorous activities.
Measures
Self-reported physical activity was derived from the NHANES physical activity questionnaire. MET-minutes per week spent in different domains of physical activity (leisure-time, household, transport) were calculated and categorized into tertiles, except for transport activity which was dichotomized because 70% of participants reported no such activity. Minutes per week of moderate and vigorous activities were calculated. Because 64% of participants reported no vigorous activity, this variable was dichotomized into low (none) and high (any). For moderate activities, 44% reported no such activities, these were categorized as low. The remaining 56% were distributed evenly into the categories medium and high.
Overweight/obesity DXA measurements. The whole body DXA scans were conducted using a Hologic QDR 4500 A fan-beam densitometer (Hologic, Inc., Bedford, MA, USA) following the manufacturer's acquisition procedures. Exclusion criteria during the examination were pregnancy and self-reported weight 4136 kg or height 4196 cm, exceeding the DXA table limits. The scan for each survey participant was reviewed, for details see the 'Technical Documentation for the 1999-2004 Dual Energy X-Ray Absorptiometry (DXA) Multiple Imputation Data files (2008). 25 A DXA scan provides multiple data points for each individual. The amount of missing DXA data was larger than for other type of data with indication of systematic, non-random patterns. 25 Because this could bias the results, users are provided with a 'complete' data file, missing and invalid DXA data were imputed ('filling in plausible values for missing data') using multiple-imputation methodology. As a result, each survey participant gets five complete records containing valid (measured) and/ or imputed values. For those with multiply imputed data, the five records consist of different sets of imputed values. Participants with fully valid data have five identical records because no imputation was necessary, for details see National Health and Nutrition Examination Survey. 25 Android (more 'risky' central fat accumulation: 'male' or 'apple' shape) and gynoid (more 'protective' peripheral fat accumulation: 'female' or 'pear' shape) fat distributions 26 were defined by the integrated Hologic APEX software (Hologic, Inc., Bedford, MA, USA). Percent total body fat derived from DXA measurement was categorized as normal weight (o25% for men, o35% for women) and overweight/obese (⩾25% for men, ⩾ 35% for women). 27 Other measures of overweight and obesity. As secondary outcomes, BMI, WC and WHtR were included. Weight was measured using a Toledo digital scale with the participants wearing underwear only. 28 Standing height was measured with a fixed stadiometer with a vertical backboard and a moveable headboard. 28 BMI was calculated as weight (in kg) divided by height squared (in m) and categorized as normal weight (18.5-25 ). 29 WC was measured by trained health technicians in a standing position just above the uppermost lateral border of the ilium at the end of a normal expiration. 28 It was categorized as normal weight (o94 cm for men, o80 cm for women), overweight (94-o102 cm/80-o88 cm), and obese (⩾ 102 cm/ ⩾ 88 cm). [29] [30] [31] Finally, WHtR was categorized as normal weight (o0.5), overweight (0.5-o0.6), and obese (⩾ 0.6). 32, 33 Other variables. Socio-demographic variables (sex, age, race/ethnicity, education, marital status and poverty income ratio) and health-related variables (smoking status, alcohol intake, general health status and mean energy intake) were included as potential confounders. Ethnicity was categorized as non-Hispanic White, non-Hispanic Black, MexicanAmerican and other. Education was dichotomized into post-secondary education (college or higher) versus lower. Marital status was defined as living together versus single (including widowed, separated, divorced and never married). Poverty income ratio was included as a measure of socioeconomic status (at or above poverty versus below poverty).
Self-reported smoking behavior (current smoker versus current non-smoker), alcohol intake (no drinks, ⩽ 1 drink per week, and 41 drink per week), sedentary behavior (mean minutes per day based on accelerometer data), and mean energy intake (kilocalories based on 24 h recalls) were used as general healthy living indicators. Finally, general health status was included based on questionnaire data (excellent/very good, good and not so good/poor). The dietary data to calculate total energy intake was based on the mean of two separate 24 h recall interviews (if available, otherwise based on day 1), the first one conducted in-person during the MEC examination, the second one three to ten days later by telephone.
Statistical analyses
For descriptive statistics, weighted means and standard deviations for continuous variables and proportions for categorical variables are presented. For the DXA measures, the five sets of imputations were used according to the recommendations of NHANES 25 in order to correct for missing data, which are not at random. The five estimates were used to generate an overall mean, and combined standard errors were used to derive the overall 95% confidence intervals based on the respective publication. 25 Ordered logistic regression models were used to model the association between different measures of physical activity and sedentary behavior on overweight/obesity as 'ordered' outcome. Separate models were run for each physical activity variable with each overweight/obesity variable. Sexspecific tertiles of the physical activity and sedentary behavior variables were used as exposure with 'low' as the reference category (versus medium and high). Because for vigorous and transport activities 450% of the participants had no such activities, we used only two categories (none, any). Linear regression analyses were used to investigate associations between continuous physical activity variables and percent body fat (total, android, gynoid, each as continuous variable in a separate model). These analyses were stratified by sex because of the sex-specific distribution (android = 'male' or 'apple' shape, gynoid = 'female' or 'pear' shape).
All analyses were adjusted for potential confounders (sociodemographic variables, health-related behavior). In addition, the models that included a physical activity variable were adjusted for sedentary behavior (but not for other physical activity variables due to collinearity), the models including sedentary behavior were adjusted for MVPA.
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Four categories based on MVPA (accelerometer) and sedentary behavior (accelerometer) were defined by splitting the two variables at their median: low MVPA/high sedentary time (reference), low MVPA/low sedentary time, high MVPA/high sedentary time and high MVPA/low sedentary time. Associations of these variables with different measures of overweight and obesity were assessed using ordered logistic regression analyses.
All analyses were weighted according to the NHANES guidelines. 19 Statistical significance was set at Po 0.05. The analyses were performed using STATA version 12 (Stata Corporation, College Station, TX, USA).
RESULTS
Mean age of the study participants was 44.3 years and the proportion of women was 50.6%. Table 1 displays the characteristics of the participants by sex and body fat category. Overweight/obese men and women tended to be older compared to normal weight individuals, respectively. Total, android and gynoid percent body fat and WHtR were significantly higher in women than men. WC was significantly higher in men (no significant sex difference for BMI). Men were more likely to be overweight according to BMI and WHtR, women according to percent body fat. Women were more likely than men to be obese according to WC and WHtR.
Physical activity levels tended to be lower in overweight/obese individuals and in women according to both objectively measured and self-reported instruments. Sedentary behavior was higher in overweight/obese individuals. Total energy intake was lower in women and overweight/obese individuals. Normal weight individuals and men more likely drank ⩾ 1 alcoholic drink per week and smoked currently. Normal weight individuals more likely reported excellent health status compared to overweight individuals. Table 2 shows the results of the ordered logistic regression analyses for categories of percent body fat, BMI, WC and WHtR associated with different objectively measured physical activity variables. Statistically significant inverse associations were observed for mean counts/min, moderate, vigorous activities and MVPA with all four overweight/obesity parameters. For example, the odds of being in a higher BMI category (that is, overweight versus normal weight and obese versus overweight) was 0.64 (95% CI 0.50, 0.82) for individuals in the medium tertile and 0.40 (95% CI 0.30, 0.52) for those in the top tertile compared to those in the bottom tertile of MVPA. No associations were present for lifestyle activities, light activities and for sedentary behavior. Table 3 shows the respective results for self-reported physical activity. Associations were most consistent for vigorous physical activity and for transport activities with all overweight/obesity outcomes. In addition, there were statistically significant associations between the top tertile of total (moderate-to-vigorous) physical activity and percent body fat, WC and WHtR, and between the top tertile of total leisure-time physical activity and percent body fat, WC and WHtR. For household physical activity, more physical activity was associated with higher odds of being in higher overweight/obesity categories. When including individuals with missing objectively measured physical activity in these analyses (sensitivity analysis), the results did not change substantially (for example, odds ratio (OR) for being in a higher percent body fat category when in the highest tertile of total selfreported physical activity (compared with the lowest tertile): OR = 0.47 (95% CI 0.35, 0.62) for both samples in the fully adjusted model).
According to Supplementary Table 1 (linear regression models), there were statistically significant inverse associations between the objectively measured physical activity variables and percent total body fat such that more physical activity was associated with lower percentage of body fat. For example, total body fat was on average 0.21% (95% CI 0.17, 0.25) lower for each additional 100 MET-min per week of MVPA. In general, the associations were stronger for women than for men and slightly stronger for android than for gynoid fat areas. For light activities, the associations were significant for total and android fat in the non-stratified analyses. Unlike in the ordered logistic regression models (Table 2) , there was an association between sedentary behavior and percent body fat (that is, for each additional hour of sedentary time per day percent total body fat was on average 0.16% (95% CI 0.02, 0.30) higher); however, this association was only present for total body fat but not for android or gynoid fat or stratified by sex. For selfreported physical activity, the associations were generally weaker and consistently statistically significant only for total leisure-time physical activity and for vigorous physical activity. Figure 1 shows the associations between the four categories of low and high objectively measured MVPA/sedentary behavior and different measures of overweight/obesity. The distribution of participants in the four categories was 29.7% for low MVPA/high sedentary time, 20.6% for low MVPA/low sedentary time, 20.3% for high MVPA/high sedentary time and 29.4% for high MVPA/low sedentary time. The odds of being in a higher category of percent body fat, BMI, WC and WHtR were statistically significantly lower for individuals with high objectively measured MVPA independent of sedentary behavior, whereas low compared with high sedentary time was not significantly associated with body weight status.
DISCUSSION
We observed statistically significant associations between objectively measured moderate, vigorous and total physical activity and all measures of overweight/obesity (BMI, percent body fat based on DXA measures, WC and WHtR). Associations for light and lifestyle physical activity and for sedentary behavior were weak or non-significant and were only observed in the non-stratified linear models. Regarding self-reported physical activity, consistent significant associations with all overweight/obesity variables were observed for vigorous physical activity and transport activity (ordered logistic regression), and for total and vigorous physical activity (linear regression). When looking at the combined association of MVPA and sedentary behavior (Figure 1) , it seems that sedentary behavior is not associated with overweight/obesity independent of the physical activity category supporting our null findings for sedentary behavior in Table 2 .
For objectively measured physical activity, we observed consistent associations with overweight/obesity both for moderate and vigorous physical activity, but for self-reported physical activity associations were only present for vigorous but not for moderate activities. One possible explanation is that the intensity of the activity was overestimated and, thus, self-reported moderate physical activity corresponds better with accelerometer-derived light activities. This is supported by a validation study, which indeed indicated that self-reported moderate activities correlate better with objectively measured light than with moderate activities. 34 In addition, the fact that objectively measured physical activity was more consistently associated with overweight/obesity than self-reported physical activity indicates that the latter may be more prone to misclassification, especially regarding moderate physical activity and household tasks. On the other hand, the advantage of the self-reported physical activity data is that information regarding domains (leisure-time, transport and household) is available.
Regarding overweight/obesity, the associations were generally strongest for the objective assessment of body composition (DXA based) and weakest for BMI. For example, self-reported physical activity associations were more consistent for percent body fat and for WHtR than for BMI and WC (Table 3) . Similar results have been reported in a Swiss study on self-reported physical activity based on the International Physical Activity Questionnaire IPAQ and different measures of overweight and obesity. 35 A reason may Physical activity, sedentary behavior and obesity M Wanner et al Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio; PIR, poverty income ratio; WC, waist circumference; WHtR, waist-to-height ratio. Note: all models were adjusted for sex, age, ethnicity, PIR, education, marital status, alcohol intake, smoking status, general health, mean energy intake, sitting time (for models on physical activity) and moderate-to-vigorous physical activity (models on sitting time), respectively. Interpretation of OR: The odds of being in a higher overweight/obesity category if being in a higher physical activity tertile. For example, the odds of being in a higher BMI category (that is, overweight versus normal weight and obese versus overweight) was 0.64 (95% CI 0.50, 0.82) for individuals in the medium tertile and 0.40 (95% CI 0.30, 0.52) for those in the top tertile compared with those in the bottom tertile of moderate-to-vigorous physical activity.
Physical activity, sedentary behavior and obesity M Wanner et al be that percent body fat and WHtR are more appropriate measures to define overweight/obesity than, for example, BMI, and that associations become diluted if measurement error in selfreported physical activity is present. For example, BMI is influenced by body fat mass, but also by muscle mass, which are both associated with physical activity. 36 On the basis of linear regression models (Supplementary  Table 1 ), the strength of association between physical activity and percent body fat decreases with decreasing intensity, indicating that higher intensity activities may be more effective in weight management, even though it seems that also lowerintensity activities have at least some small effect. Similarly, but also taking into account duration in addition to intensity, a doseresponse association between total amounts of self-reported leisure-time physical activity and obesity has been reported in adult women, but not in men. 37 In our study, the effect sizes were generally slightly stronger for android than for gynoid fat (Supplementary Table 1 ) and for women compared with men.
The results of other studies investigating the associations between objectively measured physical activity and sedentary time with overweight/obesity were mixed. On the basis of NHANES data from 2003-2004, Strath et al. 15 reported associations both for bout and non-bout MVPA with BMI and WC, with stronger effects for activity performed in bouts of at least 10 min. Even though in our analyses adjustment for sedentary behavior did not change the direction of the results, it has to be mentioned that the analyses by Strath et al. were not adjusted for sedentary behavior and for diet. Healy et al. 16 focused on the effect of sedentary time and breaks in sedentary time (based on accelerometry) on WC (among other biomarkers) using NHANES data from [2003] [2004] [2005] [2006] . Using linear regression models and physical activity and dietary variables as confounders, the authors reported statistically significant associations between sedentary time, breaks in sedentary time and WC. However, when stratifying the analyses by race/ethnicity, the results for sedentary behavior were only statistically significant in the expected direction for non-Hispanic Abbreviations: BMI, body mass index; CI, confidence interval; OR, odds ratio; PIR, poverty income ratio; WC, waist circumference; WHtR, waist-to-height ratio. Note: all models were adjusted for sex, age, ethnicity, PIR, education, marital status, alcohol intake, smoking status, general health, mean energy intake and sitting time. Models on transport and household physical activity were adjusted for total leisure-time physical activity in addition. Interpretation of OR: The odds of being in a higher overweight/obesity category if being in a higher physical activity tertile. For example, the odds of being in a higher BMI category (that is overweight versus normal weight and obese versus overweight) was 0.98 (95% CI 0.75, 1.28) for individuals in the medium tertile and 0.82 (95% CI 0.62, 1.10) for those in the top tertile compared with those in the bottom tertile of total moderate-to-vigorous physical activity. 17 Similar to our results, the authors concluded that physical activity was strongly associated with BMI regardless of sedentary time, whereas no significant results were reported for sedentary time. A number of reports have been published based on the Health Survey for England [12] [13] [14] showing that objectively measured physical activity was associated with BMI, 14 while there were no associations between objectively measured sedentary time and WC or BMI in working-age adults 13 and only with WC but not BMI in older adults. 12 This is again in line with our results. Regarding associations between different domains of physical activity and overweight/obesity, most other studies reported no favorable (inverse) association for domestic physical activity, 38, 39 which is in line with our results. This may be due to residual confounding or larger reporting bias as individuals may be likely to over-report intensity and/or duration of domestic activities compared with, for example, leisure-time activities. An inverse relationship between transport physical activity and overweight/obesity has also been reported in a systematic review, 40 and evidence regarding an association between leisure-time physical activity and weight status is also available. 18 Like most others, this is a cross-sectional study and no causal inference is possible. It is commonly assumed that physical activity is a determinant of body fat due to energy expenditure. 41 However, more recent research suggests that obesity is a determinant of physical activity rather than the other way around, in that baseline body fat predicted follow-up physical activity. 41 On the other hand, physical activity patterns over a 10-year period (remaining inactive versus remaining active) were significantly associated with obesity at follow-up in a recent study. 35 A similar discussion regarding reverse causality is ongoing for sedentary behavior. Research based on large longitudinal studies has pointed out that obesity is a predictor of self-reported sitting time, while associations in the other direction were unclear or not significant. [42] [43] [44] It is therefore possible that significant associations between sedentary time and overweight/obesity in cross-sectional studies (see, for example, Healy et al. 16 ) are attributable to reverse causality. More research is needed to disentangle the longitudinal associations between physical activity, sedentary behavior and overweight/obesity ideally using objective measurements.
The strengths of this study are the large and US nationally representative sample, the use of objectively measured data for physical activity, sedentary behavior and body composition, the use of self-reported physical activity data regarding domains, and the inclusion of a variety of potential confounders including sociodemographic variables, health-related variables and diet. Limitations of the study are its cross-sectional design and thus the possibility of reverse causality (overweight and obese people may be less likely to be active due to their body mass), the fact that accelerometers had to be taken off during water-based activities and that some activities are not measured well using uniaxial accelerometer data, such as bicycling. This could result in an underestimation of physical activity. Accelerometer wear time that is smaller than mean time awake may be another issue; however, mean wear time was 414 h and was therefore relatively high. There is also a limitation of accelerometers in assessing sedentary behavior. Even though we have adjusted for a number of covariates, we cannot rule out the possibility of residual confounding. Regarding self-reported physical activity, recall bias may be a problem.
In conclusion, objectively measured physical activity was associated with all overweight/obesity variables, emphasizing the public health effect of physical activity in the prevention of overweight/obesity. Associations between lower intensity activities and overweight/obesity were weak or inexistent. More research is needed to disentangle the longitudinal associations between physical activity, sedentary behavior and overweight/obesity ideally using objective measurements. Figure 1 . Associations between categories of low/high physical activity/sedentary behavior and different measures of overweight/obesity. BMI, body mass index; MVPA, moderate-to-vigorous physical activity; OR, odds ratio; WC, waist circumference; WHtR, waist-to-height ratio.
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